ABSTRACX. We and others previously reported DNA polymerase activity in culture supernatants of peripheral blood mononuclear cells from patients with acute Kawasaki syndrome (KS). In the present study, we further characterized the previously detected polymerase activity and attempted to confirm its presence in cultured peripheral blood mononuclear cells from additional patients with KS. Characterization experiments indicated that the polymerase activity was typical of a DNA-dependent DNA polymerase rather than viral reverse transcriptase. Peripheral blood mononuclear cell cultures from 17 additional KS patients were negative for reverse transcriptase activity in three laboratories. Our findings do not provide support for a retroviral etiology of KS. Further studies should continue to focus on infectious agents in efforts to elucidate the etiology of KS. (Pediatr Res 29: 417-419, 1991) Abbreviations KS, Kawasaki syndrome PBMC, peripheral blood mononuclear cell AMV, avian myeloblastosis virus PHA, phytohemagglutinin poly(rA) oligo(dT), template-primer poly(dA) oligo(dT), template-primer poly(rC) oligo(dG), template-primer KS is an acute febrile illness of childhood of unknown etiology, characterized by rash, conjunctival injection, red lips, swollen, erythematous hands and feet, and cervical adenitis. Twenty % of untreated patients develop coronary artery aneurysms (1). In September 1986, we reported preliminary evidence of DNA polymerase activity in culture supernatants of PBMC obtained from eight of 18 patients with acute KS, and suggested the possibility that a retrovirus might be related etiologically to the illness (2). Bums et al. DNA polymerase activity was detected in some patients with acute KS, but RNA-dependent DNA polymerase activity characteristic of retroviruses was not observed. It was concluded that the polymerase activity detected was of cellular origin and that there was no evidence to support a retroviral etiology for KS. Several groups in Japan also performed cultures of PBMC from patients with KS, concluding that reverse transcriptase activity could not be detected (5-9). More recently, Burns et al. (10) reported observations of the template-primer specificity of pooled supernatants demonstrating polymerase activity in their laboratory and again suggested that an RNA-directed DNA polymerase consistent with reverse transcriptase is present in cultured PBMC from patients with KS. We report here the results of further studies to characterize our previously detected polymerase activity (2) and of attempts to confirm its presence in cultured PBMC from additional patients with KS.
KS is an acute febrile illness of childhood of unknown etiology, characterized by rash, conjunctival injection, red lips, swollen, erythematous hands and feet, and cervical adenitis. Twenty % of untreated patients develop coronary artery aneurysms (1). In September 1986, we reported preliminary evidence of DNA polymerase activity in culture supernatants of PBMC obtained from eight of 18 patients with acute KS, and suggested the possibility that a retrovirus might be related etiologically to the illness (2) . Bums et al. (3) reported similar findings in cultured PBMC from five of 14 patients with KS, demonstrated maximal polymerase activity at a buoyant density of 1.18-1.22 g/mL of sucrose, and reported the presence of viral-like intracellular particles in rare PBMC by electron microscopy.
Melish et al. (4) recently reported results on studies of PBMC cultures from 36 patients with KS. Low-level DNA-dependent DNA polymerase activity was detected in some patients with acute KS, but RNA-dependent DNA polymerase activity characteristic of retroviruses was not observed. It was concluded that the polymerase activity detected was of cellular origin and that there was no evidence to support a retroviral etiology for KS. Several groups in Japan also performed cultures of PBMC from patients with KS, concluding that reverse transcriptase activity could not be detected (5-9). More recently, Burns et al. (10) reported observations of the template-primer specificity of pooled supernatants demonstrating polymerase activity in their laboratory and again suggested that an RNA-directed DNA polymerase consistent with reverse transcriptase is present in cultured PBMC from patients with KS. We report here the results of further studies to characterize our previously detected polymerase activity (2) and of attempts to confirm its presence in cultured PBMC from additional patients with KS.
MATERIALS AND METHODS

Characterization of polymerase activity in stored samples.
Polymerase assays were performed as previously described (2) on stored (-70°C) culture supernatants that previously showed polymerase activity. The only modification was that in these studies culture supernatants were filtered (0.45 pm) rather than slowspun before the ultracentrifugation step in the polymerase assay. Poly(rA) oligo(dT) and poly(rC) oligo(dG) or poly(dA) oligo(dT) (Sigma Chemical Co., St. Louis, MO) were used as template primers in separate assays on aliquots of the same samples. 'Hthymidine triphosphate (77.9 Ci/mmol) (New England Nuclear, Boston, MA) was used in assays with poly(rA) oligo(dT) and poly(dA) oligo(dT), and 3H-guanosine triphosphate (New England Nuclear) (I 2.1 Ci/mmol) was used in assays with poly(rC) oligo(dG). Dideoxythymidine (graciously provided by Dr. Hiroaki Mitsuya of the National Cancer Institute, Bethesda, MD) was added to the standard polymerase assay [utilizing poly(rA) oligo(dT) as template primer] at concentrations of 0.1 or 1 mM.
In addition, three cell-free supernatants (1 mL each) that demonstrated initial polymerase activity were cultured with fresh MOLT-3 and MOLT-4 cells as previously described (2) , and polymerase assays were performed on culture supernatants at weekly or twice-weekly intervals. For all characterization experiments. AMV reverse transcri~tase (Boehringer Mannheim. In- Children's Memorial Hospital and 2) the University of California at San Francisco or the University of Massachusetts. Three to 6 mL of heparinized blood was shipped overnight at room temperature to the University of California (1 1 patients) or the University of Massachusetts (six patients), and cultures were established the following day. All patients fulfilled classic diagnostic criteria for KS, and blood was obtained on d 4-8 after the onset of illness. Cell cultures and polymerase assays were performed in the Children's Memorial Hospital laboratory as previously described (2) . In addition, co-cultures of patient buffy coat cells with human T-lymphoblastoid cell lines and co-cultures of patient PBMC with human umbilical vein endothelial cells isolated by an adaptation of the method of Gimbrone (1 1) were established and twice weekly polymerase assays performed on culture supernates. In this laboratory, negative controls included reaction mix without sample, which yielded a polymerase activity of 0-5000 cpm/mL, and co-cultivation supernatants of control PBMC with lymphoblastoid cell lines, which yielded a polymerase activity <I0 000 cpm/mL. A positive control consisting of a dilution of AMV reverse transcriptase enzyme that consistently yielded polymerase activity of 20 000 cpm/mL was included in each run. A value of >15 000 cpm/mL was considered positive. Methods used at the University of Massachusetts laboratory have been described in detail elsewhere (12) . In addition, in the University of Massachusetts laboratory, four KS patient PBMC were cultured with the human T-cell line CEM A3.01 (kindly provided by Thomas Folks, Centers for Disease Control, Atlanta, GA), and three patient PBMC were cultured with U937, a monocyte/macrophage cell line, as previously described (1 3). In this laboratory, a negative control consisting of phytohemagglutinin stimulated uninfected PBMCs yielding polymerase activity of <lo00 cpm/mL is employed, and >10 000 cpm/mL is considered positive. At the University of California at San Francisco laboratory, PBMC from KS patients were cultured by three methods. Method A consisted of PBMC culture with the addition of PHA at 3 pg/mL on d 0. Method B involved co-culture of KS patient PBMC with normal PBMC that had been stimulated with PHA for 3 d. Method C involved culture of adherent cells (monocytes) from the KS patient, with the addition of normal PHA-stimulated PBMC on d 7. Cultures and polymerase assays otherwise were performed as previously described (14) . Cultures from seven patients were assayed for polymerase activity in the presence of magnesium and those from four patients were assayed in the presence of magnesium and manganese. In this laboratory, negative controls for magnesium yield polymerase activity of 0-5000 cpm/mL, and > 10 000 cpm/mL is considered positive. Negative controls for manganese yield polymerase activity of approximately 9500 cpm/mL, and human T lymphotropic virus-I-positive control yields counts of approximately 500 000 cpm/mL.
RESULTS
Characterization ofpolymerase activity in stored supernatants.
Ten stored positive supernatants were subjected to the characterization experiments. Because of small sample volumes, all tests could not be performed on each sample. Rather, each supernatant was allocated to a separate characterization experiment. Frozen supernatants yielded equivalent polymerase activity compared with fresh supernatants within 3000 cpm/mL.
Polymerase activity could not be successfully passed from frozen polymerase-positive supernatant samples from three patients to fresh MOLT-3 or M O L T 4 cells. Template-primer specificity studies yielded equivalent activity with poly(rA) oligo(dT) and with poly(dA) oligo(dT) for two pooled positive supernatants and no detectable activity with poly(rC) oligo(dG) for two other pooled positive supernatants. There was no significant inhibition of enzyme activity by dideoxythymidine at 0.1 or 1 pM on any of the three additional positive supernatants tested, but AMV reverse transcriptase activity was completely inhibited at both concentrations (Table I) . Electron microscopic studies on frozen stored cells from 15 PBMC cultures from 11 patients that demonstrated polymerase activity did not reveal any viral particles in or near cells.
Polymerase activity in PBMC from Kawasaki patients. No polymerase activity was detected in 17 duplicate sets of cultures of PBMC from 17 acute KS patients performed in two laboratories. The PBMC from six patients with acute KS evaluated at Children's Memorial Hospital had polymerase assays demonstrating <10 000 cpm/mL, and PBMC cultures from the same six patients at the University of Massachusetts were all <I000 cpm/mL. The PBMC from 11 additional patients studied at
Children's Memorial again demonstrated < 10 000 cpm/mL on polymerase assay, and PBMC cultures from the same 1 1 patients at the University of California at San Francisco were all 4 0 0 0 cpm/mL by all the procedures employed using magnesium as the divalent cation and <15 000 cpm/mL using manganese as the divalent cation. Buffy coat cultures from three patients and endothelial cell co-cultures from two KS patients also did not yield polymerase activity above 10 000 cpm/mL. The results of these culture attempts are depicted in Table 2 .
DISCUSSION
Clinical and epidemiologic features of KS are consistent with a probable infectious etiology for the illness (15) . The striking immunoregulatory abnormalities present in the acute stage of KS (16) suggest that a lymphotropic agent may be involved. For these reasons, we tested the hypothesis that a retrovirus is etiologically related to the illness. Although our initial data were supportive of this possibility, subsequent investigations, as reported here, were not. Our findings are therefore in agreement with those of several other groups of investigators (4-9) who have failed to confirm an association between retroviruses and KS. In this regard, recent studies by Burns et al. (17) using in vitro amplification of KS patient PBMC by the polymerase chain reaction with oligonucleotide primers derived from highly conserved retroviral sequences (18) detected only endogenous human retroviral sequences, without evidence of any retroviral sequences not present in control PBMC.
Studies of frozen co-culture supernatants that had previously been demonstrated to have polymerase activity (2) revealed equivalent results with poly(rA) oligo(dT), which can be used by both RNA-and DNA-directed enzymes, and with poly(dA) oligo(dT), which is used only by DNA-directed enzymes. The polymerase assay using poly(rC) oligo(dG) as template, which is specific for RNA-directed enzymes such as reverse transcriptase, was negative. Moreover, attempts to pass the observed polymerase activity to fresh cells were not successful. In addition, polymerase activity was not inhibited by dideoxythymidine, an inhibitor of reverse transcriptase but not of DNA polymerase-a of host cell origin. Finally, all electron microscopic studies of PBMC from KS patients were negative. Therefore, the polymerase activity detected initially in the supernatants of cultured PBMC from KS patients appears to be primarily or exclusively DNA-directed.
In addition, in the present studies we were unable to confirm any polymerase activity in supernatants from PBMC cultures from 17 other KS patients. The absence of any polymerase activity in cultures from these recent patients with KS may reflect the greater attention given to minimizing possible cellular contamination (e.g. filtering supernatants and subtracting a poly(dA) oligo(dT) control from polymerase assay results).
Although Burns et al. (10) have suggested that polymerase activity is more likely to be detected from PBMC cultures obtained from KS patients during early convalescence, at least six samples obtained from KS patients at 4-6 wk after the onset of illness have been negative for polymerase activity in our laboratory.
Our findings do not provide support for a retroviral etiology of KS. We believe, however, that future etiologic studies should continue to focus on infectious causes, in keeping with the epidemiologic and clinical features of the illness. Emphasis should be given to agents that might cause the unusual lymphocyte abnormalities observed in patients with KS.
